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Prognostic Value of Procalcitonin in Pneumonia among
Patients Admitted to Intensive Care Unit.
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Objectives: Pneumonia is one of the leading causes of death in the intensive care unit (ICU). Many biomarkers
for predicted prognosis have been suggested; among these, procalcitonin (PCT) is known to increase in cases
of bacterial infection. However, there have been many debates regarding whether PCT is an appropriate
prognostic marker for pneumonia. Therefore, we investigated whether PCT can serve as a biomarker for
pneumonia, and compared it with CURB-65, which is a known tool for predicting the prognosis of pneumonia.
Methods: Levels of PCT and CURB-65 scores were compared between 30-day non-survival (n = 30) and survival
(n = 101) patients. Relationships between PCT and CURB-65 were determined by using linear regression analysis,
as well as by using receiver operating characteristic (ROC) curve analysis and calculation of the area under
the curve (AUC). High and low PCT groups were compared.

Results: High PCT and high CURB-65 score were positively associated with 30-day mortality. For the prediction
of 30-day mortality, initial PCT and CURB-65 exhibited AUCs of 0.63 and 0.66; these were not significantly
different (P = 0.132). We found that the high PCT group had a higher rate of initial treatment failure (91%,
P = 0.004).

Conclusions: Initial PCT can be a prognostic biomarker for mortality in severe pneumonia, similar to the
CURB-65 score. Initial high PCT was positively associated with initial treatment failure.
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Pneumonia is one of the leading causes of mortal- tiation of therapeutic regimens might decrease

ity in intensive care units.! Community-acquired mortality. Empiric pathogen recognition and mi-

pneumonia (CAP) is associated with a mortality rate
of approximately 20% for patients admitted to hos-
pitals in the United Kingdom; nosocomial pneumo-
nia has a higher mortality rate than CAP.*? Fast

recognition of severe infections and prompt ini-

crobiologic pathogen recognition are likely to be
helpful in choosing the appropriate antibiotics.* A
growing number of clinical research studies have
identified blood biomarkers that may reveal addi-

tional information regarding the prognosis of pa-
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tients with pneumonia.’®

Procalcitonin (PCT) is a useful marker for the
diagnosis of bacterial infection’; this 116-ami-
no-acid precursor is the prohormone of calcito-
nin, which is secreted by C-cells of the thyroid
gland in response to hypercalcemia. Notably, it
mirrors the severity of infection and has emerged
as the most studied and promising blood marker
for risk stratification of patients with pneumonia.
Concentrations of PCT tend to be higher in patients
with pneumonia who exhibit more severe
infections.!®!! Several risk scores, such as the
pneumonia severity index (PSI) and the confusion,
urea nitrogen, respiratory rate, blood pressure, age
> (5 years (CURB-65) score, can be used to assess
the severity of pneumonia and predict mortality.
In particular, CURB-65 is a well-known set of cri-
teria that is recommended by the British Thoracic
Society for the assessment of severity of
pneumonia. It can also be a useful tool for estimat-
ing the prognosis of hospital-acquired pneumonia
(HAP).!?> However, there have been many debates
regarding whether PCT is an appropriate prog-
nostic marker for pneumonia. Therefore, we inves-
tigated whether PCT can serve as a biomarker for
patients with pneumonia requiring intensive care

unit treatment, and compared it with CURB-65.

MATERIALS AND METHODS

Study Patients

We retrospectively conducted an observational
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cohort study at a single center (Ilsan Paik hospital
in Goyang-si, South Korea) between March 2015
and May 2017. Patients were screened by the
following Korean Standard Classification of
Disease-7 codes: J18.0-J18.9. Medical records and
radiological findings were reviewed to confirm
the diagnosis of pneumonia by the following cri-
teria: the development of a new opacity and 2
of the following 4 criteria met."

1) Fever or hypothermia (Body temperature >
38C or < 35.00)

2) Leukocytosis (WBC = 10000/uL) or leukope-
nia ( < 4000/uL)

3) Newly developed respiratory symptom
(cough, sputum, pleuritic chest pain, and/or
dyspnea)

4) Auscultation abnormality (crackles)

Primary or metastatic lung cancer, pulmonary
edema, pulmonary embolism, and pulmonary tu-
berculosis were excluded. We also excluded the
following patients:

1) Those who were transferred from another
hospital after or during treatment (to be nearer
to their hometowns or to undergo renal replace-
ment therapy)

2) Immunocompromised patients (e.g., those
with neutropenia after chemotherapy or human
immunodeficiency virus infection)

3) Pneumonia in HAP, including patients who
were hospitalized = 2 days within 90 days of
infection.

A total of 131 patients were included in the

analysis. Among these patients, 30 died within 30
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days. We divided patients into two groups on the
basis of 30 day-survival (Fig. 1). We compared
clinical characteristics, comorbidities, 30-day mor-
tality, microorganisms identified from sputum or
blood, severity by initial CURB-65, and the use of
initial mechanical ventilator or initial vasopressor.

Measurement

Patient medical records were reviewed to ob-
tain data regarding patient demographic charac-
teristics, underlying diseases, initial CURB-65, co-
morbidities (including diabetes mellitus, chronic
obstructive pulmonary disease, malignant neo-
plasm, and chronic renal disease), causative mi-
croorganisms for pneumonia, initial vasopressor
use, initial mechanical ventilator use, initial C-re-
active protein (CRP) levels, initial PCT, result of
treatment (treatment failure or not), and esti-
mated glomerular filtration rate (eGFR). Serum
PCT concentrations were measured by using an

electrical chemiluminescence assay (cobas e 411,

Roche Diagnostics, Indianapolis, IN, USA), with
an analytical measurement range of 0.00-0.00.
Elevated serum PCT levels were defined when se-
rum PCT levels were » 0.25 ng/dL. White blood
cell (WBC) counts and CRP levels were measured
with laser flow cytometry and immunoturbidi-
metric assays.

Definition

Definition of abnormal white blood cell count
(WBC): we defined the abnormal WBC count as
any count not in the normal range; normal WBC
range (4-10 x 109 cells/L) was applied to all age
groups.*

Definition of initial antibiotics failure: failure
of initial antibiotics therapy was defined as death
during initial treatment or change of antibiotics
from the initial agents to other agents after 48
hours due to clinical instability."

Definition of low eGFR, based on the Modification

of Diet in Renal Disease (MDRD) equation, was lower

Prcumonia admiited toa ICU via CIMETECACY TO0m
between March 2005 and .‘1.|:|}' MTin=1TH

¥

Transfer from other h||5u|'|:|l.1|. in = Xh)
Treatment Tor preumonia within 3 months (n = 15)

CAP ad LTCH acquires) preumonia (no= 131)

T

T
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Fig. 1. Selection process for patients of pneumonia
ICU, intensive care unit; CAP, community acquired pneumonia; LTCH,

long term care hospital

17



Kosin Medical Journal 2019;34:15—23.

than 90 mL/min/1.73 m*.'°

Microbiology

Sputum, tracheal aspirate, bronchial washing
secretions, and blood samples were investigated
for microbial analysis. Pathogens were considered
to be identified when a predominant micro-
organism was detected from sputum culture
and/or sputum PCR. Blood cultures were consid-
ered as pathogens if there was no other infection
source available for a positive culture; we ex-
cluded positive cultures in which contamination
was suspected.

Statistical analysis

Descriptive analysis was performed to evaluate
baseline characteristics of the patients. Comparison
of continuous variables was performed by the
Mann-Whitney U-test between two groups.
Categorical variables were compared using the
Pearson x* test. Baseline characteristics are pre-
sented as medians and interquartile ranges (IQRs)
for continuous variables and as numbers (%) for
categorical variables. To identify independent
predictive factors associated with 30-day mortal-
ity, we performed multivariable logistic re-
gression analysis by using these variables: PCT,
high CURB-65, sex, and age, as measured by the
estimated odds ratio (OR) with 95% confidence
interval (CI). Receiver operating characteristic
(ROC) curve analysis and calculation of the area
(AUC) were

Correlations between PCT and CURB-65 were ex-

under the curve performed.

amined by using the Spearman test. Analyses were

performed by using the Statistical Package for the
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Social (SPSS) version 21.0 (SPSS;
Chicago, IL, USA) and SAS (version 9.4, Cary, NC,
USA).

Sciences

RESULTS

Baseline characteristics

The baseline characteristics of study patients
are summarized in Table 1. Compared to the sur-
vival group, there were more males in the
non-survival group (76.7% [23/30] vs. 55.4%
[56/101], P = 0.028); there were no differences
in age or comorbidities. Notably, the non-survival
group showed more frequent initial vasopressor
use (80.0% [26/30] vs. 60.4% [61/101], P = 0.005)
and initial mechanical ventilator use (73.3%
[22/30] vs. 53.5% [54/101], P = 0.041). The mean
age of the non-survival group was 76.3 (65.5-86.0)
years; 76.7% of the non-survival patients were
male (P = 0.028). The two groups were similar in
baseline characteristics, except patients in the
non-survival group had higher CURB-65 scores
(P = 0.024) and a history of malignant neoplasm
(P = 0.046). Average PCT levels were not sig-
nificantly different (35.2 vs. 9.12, P = 0.129, but
the non-survival group exhibited a higher PCT
level () 0.25 ng/dL) than the survival group (96.2%
vs. 77.9%, P = 0.025). The 30-day mortality in the
present study was 22.9% (Table 1).

CURB-65 and PCT as predictive factors of
30-day mortality

We performed univariate and multivariate anal-
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Table 1. Baseline characteristics of 131 patients admitted to an intensive care unit with pneumonia.

Death Survived
Characteristics (within 30 days) P-value
(n = 30) 22.9% (n =101) 77.1%
Age, year 76.3 (65.5—86.0) 74 (67—83) 0.402
Male 23 (76.7%) 56 (55.4%) 0.028
Comorbidities
Diabetes mellitus 11 (36.7) 33 (32.7) 0.421
COPD 8 (26.7) 24 (23.8%) 0.458
Malignant neoplasms 6 (20.0%) 7 (6.9%) 0.046
Chronic renal disease 3 (10.0%) 5 (5.0%) 0.266
Clinical parameters
CURB-65 score > 3 24 (80.0%) 59(58.4%) 0.024
Microorganism identified 24(80.0%) 79(78.2%) 0.5628
Initial vasopressor 26(86.7%) 61(60.4%) 0.005
Initial mechanical ventilation 22(73.3%) 54(53.5%) 0.041
Laboratory findings
White blood cell, 1000/mm3 9.66(3.95-14.52) 13.27(7.29-18.16) 0.020
Abnormal WBC count 20(66.7%) 73(72.3%) 0.352
Procalcitonin, ng/dL 35.2(0.87-37.8) 9.12(0.33-6.25) 0.129
C-reactive protein, mg/dL 15.6(4.1-25.0) 13.7(4.8-21.7) 0.385
Creatinine, mg/dl 1.42(0.72-2.05) 1.35(0.68-1.56) 0.767
Total bilirubin, mg/dl 0.97(0.60-1.27) 0.89(0.50-0.92) 0.687
High procalcitonin()0.25ng/dl) 25(96.2%) 67(66.3%) 0.025
Data are presented as number (%) or median (interquartile range).
COPD, chronic obstructive lung disease
Table 2. Univariate and multivariate study for Odd ratio of 30 day mortality.
o Univariate Multivariate
Characteristics
OR (95% CI) P-value OR (95% CI) P-value
Procalcitonin 1.021 (1.002-1.041) 0.036 1.020(1.000-1.041) 0.047
CURB-65 score > 3 2.847 (1.071-7.573) 0.036 1.573(0.513-4.821) 0.428
Male 2.640 (1.039-6.709) 0.041 3.073(1.036-9.115) 0.043
Old age 1.503 (0.650-3.480) 0.341 1.864(0.667-5.208) 0.235

ysis by using risk factors for mortality (Table 2).
In the multivariate analysis, PCT (OR 1.020
(1.000-1.041), P = 0.047), and male sex (OR 3.073
(1.036-9.115), P = 0.043) were found to be in-
dependent predictors of mortality. When the
non-survival group was compared with the surviv-
al group, high CURB-65 score ( = 3) (80.0% [24/30]
vs. 58.4% [59/101], P = 0.024) and high PCT ()

0.25 ng/dL) (96.2% [25/30] vs. 66.3% [67/101], P
= 0.025) were more frequent. In ROC curve analy-
sis (Fig. 2) for prediction of 30-day mortality, ini-
tial PCT and CURB-65 at admission time had AUCs
of 0.631 (95% CI, 0.504-0.758; P = 0.043) and 0.662
(95% CI, 0.546-0.778; P = 0.014). There was no
significant difference between PCT and CURB-65
(P = 0.132) (Table 3). Our study showed that high
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Sensitivity

Fig. 2.
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Area under the curve (AUC) of procalcitonin and
CURB-65 is greater than 0.5, with no significant
difference.

ROC, receiver operating characteristic

Table 3. Results of receiver operating characteristic (ROC) curve analysis

Mortality within 30 days

Characteristics

AUC (95% ClI) P-value
Procalcitonin 0.631 (0.504-0.758) 0.043
CURB-65 0.662 (0.546-0.778) 0.014
Procalcitonin versus CURB-65 0.132

PCT is related to initial treatment failure (Table
4). Subgroup analysis of the high PCT group
showed an association with high CURB-65 ( >
3) (Table 5). Initial mechanical ventilator use (P
= 0.009), vasopressor use (P = 0.011) and leukope-
nia (P = 0.026) were related to initial treatment
failure. However, low MDRD eGFR (P = 0.183),
whether causative organism was identified (P =
0.094), and old age () 74) were not related to

initial treatment failure.
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DISCUSSION

A previous study has shown that PCT can be
prognostic biomarker for CAP (AUC 0.60, CI:
0.52-0.67), but has a lower prognostic value than
CURB-65 (P = 0.001)." One meta-analysis of the
prognostic value of PCT in pneumonia'® showed
that elevated PCT level was associated with an
increased risk of mortality (RR 4.18, 95% CI:
3.19-5.48). PCT is thus an emerging biomarker

for the diagnosis of bacterial infection.
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Table 4. Cross—sectional analysis between initial treatment failure and high procalcitonin

. . Non—failure Pvalue
- Initial treatment failure
Characteristics 61, 54.4%)
P (51, 39.1%)
High procalcitonin ( ) 0.25 ng/dl) 56 (91.8%) 36 (70.5%) 0.004
Data are presented as number (%)
Table 5. Subgroup analysis of the high procalcitonin group.
Initial treatment Non-failure P-value
Characteristics failure group (36, 39.1%)
(56, 60.9%)
Old age ( > 74) 30 (65.2%) 16(34.8%) 0.261
Male 41 (73.2%) 15(26.8%) 0.021
Clinical parameters
CURB-65 score > 3 42 (75.0%) 20(55.5%) 0.044
Microorganism identified
Initial vasopressor 45 (80.4%) 20(55.6%) 0.011
Initial mechanical ventilation 40 (71.4%) 16(44.4%) 0.009
Organism idendtifited 48 (85.7%) 26(72.2%) 0.094
Laboratory findings
Low estimated GFR( ( € 80) 34 (60.7%) 26(72.2%) 0.183
Leukopenia 10 (17.9%) 3(8.3%) 0.026

Data are presented as number (%)

In this study, PCT had only a moderate ability
to predict 30-day mortality. However, its prog-
nostic value did not differ from that of CURB-65.
This study showed that high PCT level ( ) 0.25
ng/dL) can be a risk factor for 30-day mortality.
We investigated the relationship of various char-
acteristics to initial treatment failure. Leukopenia
( € 4000/uL) was related to treatment failure (2
= 0.026), but old age (> 75) and low eGFR were
not. Low eGFR is known to indicate a risk of death
with pneumonia, especially in young patients."
However, our study did not find similar evidence.
Initial mechanical ventilator use (P = 0.009), initial

vasopressor use (P = 0.011), initial leukopenia (7

= 0.026) were related to initial treatment failure.
Thus, we suspect that these patients have more
severe pneumonia, so the risk of treatment failure
is higher.

PCT is a known biomarker that is elevated in
bacterial infections, especially in those caused by
gram-negative bacteremia.?’ No research has in-
dicated that high PCT is related to a high rate
of causative organism identification. This study
showed a minor tendency, but no significant dif-
ference; if the causative organism could be identi-
fied, the patient was not likely to show high PCT.
The CURB-65 score is frequently used to predict

the prognosis of pneumonia, both in CAP and in
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HAP. Our investigation showed that initial PCT
also has prognostic value, similar to that of
CURB-65.

Our study has some limitations. First, it was per-
formed at a single center, and a small number
of patients were enrolled by using a retrospective
design. In addition, we did not stratify cases of
pneumonia on the basis of CAP or HAP.

Initial PCT can be a prognostic biomarker for
mortality in severe pneumonia. Its value is similar

to that of CURB-65 score.
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